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ABSTRACT 

Twenty-seven new FIR, far-infrared, laser lines from the 
isotopomers of methanol: '*CD30H, "CH30D, and '2CHzDOH, were 
obtained by optically pumping the molecules with an efficient cw CO, laser. 
The CO, laser provided pumping from regular, sequence, and hot-band C& 
laser transitions. The 2 m long far-infrared cavity was a metal-dielectric 
waveguide closed by two, flat end mirrors. Several short-wavelength (below 
100 pm) lines.were observed. The frequencies of 28 laser lines observed in 
this cavity (including new lines and already known lines) were measured 
with a fractional uncertainty limited by the fractional resetability of the far- 
infrared laser cavity, of 2 parts in lo7. 

Key Words: "CD30H, "CH30D, "CH2DOH, new f a r - i i e d  laser lines, 
optically pumped far-infrared laser, laser frequencies, relative intensity, 
relative polarization, pump-frequency offset. 

INTRODUCTION 

Methanol has many isotopomers obtained by exchanging D for H, 
C for "C, and l8O for l60. Several forms have already been studied as far- 13 
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idtared (FIR) laser media: '2cH30y 13CH30H, "CD30H, 13CD30H, 
l2CD3OD, l3CD30D, '2CH30D, 12cH3180H, l2CH2D0H, I2CH2DOD and 
'2CHD20y with about 2200 laser lines generated by optically pumping the 
molecules, m d y  with CO, lasers." * In the present work, 27 new laser 
lines were obtained by optically pumping the following isotopomers of 
methanol: l2CD30H, 12CH30D, and 12CH~DOH, pumped with an efficient 
cw C02 laser lasing on regular bands to high J as well as sequence and hot- 
band CO, transitions. The 2 m long far-idiared cavity was a metaldielectric 
waveguide closed by two, flat end mirrors. Several short-wavelength (below 
100 pm) lines were observed. The fiequency measurement of these lines is 
important for assigning the lines in methanol and for their eventual use in 
laser spectroscopy. 

EXPERIMENTAL 

The pump laser was a cw-CoZ laser operating on 250 lines including 
regular, sequence, and hot-band C02 transitions with power levels fiom 10 
to 30 W. This was accomplished with the use of several different high 
resolution gratings in a Fabry-Perot cavity 1.5 m long. The most recent 
version of this laser uses only one grating which provides output power up 
to 40 W on 275 lines in a 2 m cavity. 

The 2 m long FIR laser cavity used in this experiment is described 

waveguide closed at its ends by two flat mirrors. Its glass sides are 6 mm taIl 
and the metal side is 35 mm wide. One mirror has a 1 mm diameter hole in 
the center for coupling the C02 laser into the FIR cavity for longitudinal 
pumping. The other, attached to a micrometer, is movable longitudinally 
providing for the adjustment of the cavity length into resonance with the 
FIR laser modes. A small, moveable, 45" copper mirror near the pumping 
entrance couples a fraction of the FIR radiation out through a Brewster 
angle silicon window perpendicular to the laser axis. 

in detail elsewhere. 3 Essentially it is a metal-dielectric rectangular 

A metal-insulator-metal (MIM) diode was used to detect the laser 
radiation, and also as a mixer for the fiequency measurements. Once a new 
laser line is detected by the MTM we estimate the FIR wavelength of the 
radiation by varying the cavity length of the FIR laser over about ten 
wavelengths, by translating the movable &or and counting the FlR modes 
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displayed on an oscilloscope. The length variation was measured with the 
micrometer attached to the minor, yielding a wavelength determination 
accurate to about 0.05 pm. This wavelength then was used to select the 
CO, fkequencies for the precise heterodyne Erequency measurement. 

To measure the FIR laser frequency, the FIR radiation was mixed 
with radiation fiom two frequency-stabilized CQZ lasers and &om a 
microwave source, generating a beat note in the diode. The precise FIR 
fiequency is obtained by the equation: 

4 

where v1 and v2 are the stabilized (2% fiequacies, v,,,, is the microwave 
fiequency, v h t  is the beat frequency, and n and m are the orders of the 
harmonics generated by the MIM diode. The coefficients n and m are 
determined experimentally by changing the associated fiequencies slightly. 
The estimated uncertainty in the reproducibility of the FIR laser fiequency 
is Av/v = 2xlO-'. When measuring the pump offsets of the FIR laser lines a 
frequency-stabilized COz laser is set to the same laser line as the pump laser 
and mixed in the diode with the pump laser frequency. 

When the pump line is a sequence-band or a hot-band line, the 
frequency of a microwave source is added to the mixture in order to make 
up for the frequency difference between the regular line and the sequence 
or hot band line. 

RESULTS AND CONMENTS 

The methanol isotopomer "C&OH is reported with 3 87 far-infrared 
laser lines when pumped with COZ lasers,12 the highest percentage (= 29%) 
of the lines having wavelengths between 21.7 and 
100 p. However, just 40 of these lines had their frequencies measured. In 
the present work we discovered 15 new laser lines with wavelengths in the 
range 46.6 to 482.8 pm, and measured 12 of their frequencies. 

Far-i&ared laser lines of lZCH30D have been reported when the 
molecule was pumped with regular-band lines of '*C02 and 13C02 lasers, 
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regular, hot and sequence-band lines of an C"02 laser, and with one pump 
line of an N20 laser.'*2 The 13 1 reported lines have wavelengths ranging 
from 46.6 to 1671 p. Just 22 lines had their fiquencies measured. This 
work adds seven new laser lines and frequency measurements of 5 of these 
and 5 previously reported lines. The newly discovered lines have 
wavelengths in the range from 65.5 to 249.1 pm 

'zCH2D0H is reported as having 67 laser lines in the wavelength 
range 42.5 to 762.5 pm, obtained by optically pumping the molecule with 
C 0 2  lasers.'*2 Frequencies for 45 of these lines have been measured. In this 
work we discovered five new lines in the wavelength range from 139 to 
379.2 pm and measured their frequencies. 

The measurements are summarized in Table 1. 
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. .  

e I1 and I stand for parallel and perpcndidar. 
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